Crude oil contamination of soil and groundwater in Kuwait by II, Hiroyuki et al.
Crude oilc onta mination ofs oila nd gro u ndw ater･
in Ku w ait
H iroyuki I
*
, M a s ato K A W A G UCH I* *, M asakazu l W A B U C H I* ** ,
and Shin obu YAB U*
*Fa culty of Syste m sEllgin e e ring, Wakaya m aUniv ersity
9 3 0
,
Saka edani
･
W akaya m a - city, W akayam a64 0, Japa n
Fax:＋81- 73 4- 5Jト01 34
Em ail:hiro@sys I W akaya n a- u . a c.jp
* *Institute oftechn ology, S hi mizu co rpo r atio n
3- 4･ 17, Etchtljim a, Koto - ku , Tokyo 1 3 5, Japan
Fax :＋81- 3- 3 6 4 3- 7 2 60
Em ail:ka w agu chi@sit･ shi mizu - u . a c.jp
* ' 'Enginee ring divisio n, S hi miz u corpo ration
l - 2- 3, S hibau ra, M in ato - ku , Tokyc.1 0 510 7, Japa n
A bstr a ct
Du ring the G ulfw ar se v e nhu ndreds of oilw ells w er edestr oyed by the r etreating
armie s of lr aq･ In partic ula r, the Btlrgan Oil fieldsⅦffe r ed he a vy da m age･ Over
5 0 mi 11io ns of c r ude oilspilled out flooding the de s ert a nd a s arestlt, e xtensiv e
co nta min atio n of de sert s oils o c c u rr ed. Field inv estigations indic ated that c r ude oil
penetr atedthe de s ert s oils u nde rthe newlyform ed oil lakes to adepth of1 5 0c m for
the 5 year sfollo wing the Gulfw a r. T he c alct]1ated penetratio n of this oil into the
soilo v er the next l O Oye a r sis determin ed to be ap pr o xim ately 1 0 m eters. At the
Bu rgan a r ea gro u ndw ate r w a s not c ontamin ated be ca u se the up per aquife r w a s at
depth of m o r ethan 1 0 m eters ･
Key w o rds:Ku w ait, oil c ontamin atio n, oilpollutio n, cr ude oil
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1.Intr odtl Ctio n
K u wait is a s m al lco u ntry located in the
n o rthern edge of the Arabia n pe ninsula,
bo rde red by the Arabian Gulfin the east･
T he total are a of Ku waitis 1 8 0 00km
2
and
the rainf al l is- abo ut 1 2 0m m/yr m ainly
during winte r･ Drinking w ate r is
desal inated fr o m s e a w ate r a nd bra ckish
w ate r. T he Gulf w ar led to the
c ontamin atio n of air, w ate r a nd s oilin
Ku w ait. A bout 70 0oilw ells w e re s et on
fire . Oil w ell fire s als o da m aged w ell
he ads and he nce fre e flo wing oilfro m
the se r esulted in the form atio n of la rge oil
1ake s･ Figure 1 sho w s the distributio n s of
gr o u ndw ater field a nd oil c o nta min ated
s oil. T he total a mou nt of c rude oil in
the s elake s wa s es tim atedto be about5 0
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Figure 1 Distributio n of gro u ndw aterfield
a nd oilco nta min ated soil
(Al- Sul ai miet al･ , 1 9 93)
mi llio n ba r rels (Al- Sulai mi 1 9 9 3), T he total are a of oil lake s wa s4 9km
2
a nd the
total a m o u nt of oilc o nta minat ed soilw a s4 0 mi 11io n m
3
. Grou ndw ater pollutio n m ay
re sultfro m any ofthe follo wing n e chanis m s :(1)dire ctpe netratio n of oil fro m oil
lake s; and(2)penetr ating rain w ate rc a nle a ch so m e ofthe pr oduc ts of c o mbustio n
deposited atgr o u nd s u rfac ele v el1
2 . G r ot)nd w ate r c o nta minatio nin KtL W ait
T here are thre e aquifer sin Ku wait･ T he fir st aquife r w hich is shallo w a nd fre sh i
s
distributed only ln n orther n K u wait At A l
- Ra ud hatain and Urn m Al- Alsh, the r ea re
large drain age basins･ Altho ugh a v er age r ainf al l is o nly a
bo ut 1 2 0m m/yr, the
ge o mo rpholog yis c o ndu civ e to the for m atio n of la rge fre sh
- w ate r lens e s o v e r
bra ck ish a nd salin egro u ndw ate r(Sulaimi et all , 1 9 9 3). llow ev er afte r oilthe fires･
the s ela rge c atchm e nt ar eas , cov ered with the produ cts of c o mbus tion,
co ntributed
to the pollutio n ofgr ou ndw ater becaus e ru noffgen er ated by r
ainfall dis s olv ed so me
of the products of c o mbustio n. Figu re 2 sho w s th
e fir st aquife r which w a s
co n ta min ated by rain w ate r pa s sing thr o ugh oil c o ntamin ated ･s oil･ T
he
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c o nc entr atio ns of v a nadiu m a nd nickel in K u wait c rude oilw ere abo ut2 2. 5 and 1. 0
p pm , r e spectiv ely･ As a re sult, the co n centratio n of v a n adiu m ,
carbo n in the gr ou ndw ate r re a ched 4 00, 1 0 0, a nd 20 0p pb･
T he se c ond a nd third
aquife r w hich .a r
e both
deep and bra ckish to
salin e a r edistributed al 1
o v er K u wait. At the
Burgan oil field area, a
lot of oil e s c aped a nd basin
four fifths of the total
n u mbe r of oil lakes
(2 5 0) w e r efo und the re.
T her efo re
, gr o undw ater
pollutio n of the se c o nd
a nd third aquife r had t o
be c onside r ed at the
G?
l † † l
:
I
- - -
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Dr ainage
Bu rga n ar e a.
W e pe rfo rm ed fieldinv estigatio n
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Figur e2 Firstaquifer which w a sc o nt amin ated byrain
w aterpa s singthr oughoilc o nta min ateds oil
in Septelnber1 9 95and oilpe netr atio ntestsin sarld
colu mnsin order to an alyz e oilpen etr ationinto the aquife r･
3. Sttldy a r e a a nd m ethod
3.1Sa mpling
Figu r e1 sho w sthe study a r ea w hichis the Burg an oil fields outh of Ku wait city.
T he total a m ount of oil depo sitsin the Burgan oil field is the s ec ond la rge st oilfield
in the w o rld. Su rfa ce s edim ents in the ar ea are c o mposed offine gr a v el a nd c o ars e
sa nd c e me nted by gy psur n.
Ar ou nd the No. 1 05 oillake, the oilpen etratio n depth w a s m e asured at 1 5 0c m on
aver age by digging pits befo re o u rinv estigatio n. Three sa mpling points(A Pl l, A P-
2 a nd A P-3) w e re set arou nd the N o ･1 05 oil lake afte r confirming the absen c eof
min es and a m mu nitio ns ･ U n c ontamin ated s oilw as s ampled fr o mthree pits in o rde r
to m e a s u r ethe physical pr opertie s of s oila nd to pe rform oilpe netr atio n tests in a
labor atory･ Undistu rbed s oil sa mples w e r e u s ed for me a s uring dry de nsity･
Disturbed s oils ample w a s us edfor m ea su r i ng W ate r C O nte nt, hydr a ulic condu ctivity
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and oilpe n etratio n t e sts･
3 . 2 P hy ～ i c al
prope rtie s
W ate r co nte nt w a s
m e asu r ed in stantly on
the spot･ Table 1 sho ws
w ater co nte nts . Su rfa c e
soil w as v e ry dry a nd
w ate r C O ntent in c rea sed
with depth. Since w ater
content 1 5 0c m in depth
w as le ss tha n 8 %, oil
w as a s s um ed to
penetr ate into dry s oil.
Dry den sity v alu e s w e r e
m e a s u r
.
ed atl･ 8g/c m
3
o n
an ave r agc fr om 9
undistu rbed block
s a mples .
Table 1 sho ws the
hydr a ulic c ondu ctivity
v alu e s. At the c o nditio n
of l･ 8g/c m
3 dry den sity
m eas ured fo r the
u ndisturbed blo ck
sa mples, hydr a ulic
c ondu ctivity v alu e s w er
l XI O-2 to l XIO
- 1
c m/see.
Table 1 Water conte nt and hydraulic
co ndu ctivity v alu es at e ach depth
Depth(cm)
Eydrallic
c o ndu ctivity
(c m/se e)
W ate r c o nte nt
(%)
AP-1
10
0.01 5
0.4 3
0.01 4
30
0.02 1
1.4 9
0.0 2 4
60
0.0 2 9
3.0 4
0.02 5
100
0
,OO9
3.83
0.00 9
11 0
0.016
0.0 04
13 0 4.4 9
15 0
0.0 3 5
0.0 0 9
1 60 4.23
Depth(c m)
Hydra ulic
c o ndu ctivity
(cm/see)
W ate r c o nte nt
(%)
A P-3
10
0.0 9 8
0.2 3
30
0,06 1
0.8 6
40
0.03 3
1.66
60
0.07 4
2.80
10 0 2.73
15 0 7.7 6
18 0 8.2 6
Depth(c m)
Hydra ulic
c o ndll Ctivity
(c m/see)
W ater c o nte nt
(%)
AP-2
10
0.08 6
0,22
0.07 0
30
0.07 3
0.61
0.02 6
50
0.03 8
2.16
7 0
0.O 4 1
2.34
8 0
0.03 9
1 00
0.012
3.61
1 30 3.4 1
170 3.51
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3 .3 0 ilpe TIetratioll test
Figu r e 3 show s the e xperim ental
ap par atus for the oil pen etratio n test.
An oil he ad w as fix edto be 5 o r1 0crn.
Dry s oil w as c o mpacted tillthe dry
den sity re a ched 1. 8 a/c m 3 because at
the oilpe n etrated depth, w ate r c o nte nt
w a s v ery lo w. Figure 4 and 5 show
e x amples of oilpe n etr ated r e s ults atthe
c o ndition of oil bead 5and 1 0() m. For
both c o nditions
,
oilpen etr ated depths
w ere 1 5 to
Acco rding to
oilpen etrated
w e re sho w n
1 98 0) :
20 c m fo r 1 0 days.
P hilip
'
s m oist equ atio n,
depth and elaps ed tim e
as follo ws (K ayanc､
I(T)- A T＋B TO･ 5 (1)
Cr ude oil
Soilcolu m n
Oilpen etr ated soil
Soil
Figu r e3 Expe rim e ntal appa ratu sfo r
the oilpenetr atin
､
g te sts
W he re I(T)is a noilpe n etr ated depth;T is an elaps edtim e; A is a coeffic ent of oil
c ondu ctivity; B is a c o efficie nt of abso rptio n･
Oilpen etr ated depth is n otdu e to the oil head a cc o rding to P hilip
'
s equ atio n･ Oil
pen etr ated depths c alculated fro m the expe rim entalr e s ults wer e2 0 0to 1 500c m fo r5
ye a rs afte rthe G ulfw a ren ded. Oilpe n etrated depth within oil lake s w as abo ut 1 5 0
c m w hich w a s s m aller than the minim u m of calc ulated oilpenet rated depth. Oil
c ompo sitio ns ofthe oilpe netrated s oilw a s m ea s u r ed by ga s chro rn atogr aphy befo re
e xtr acting oilfr o m s ample s usl ng diethyl ether as a a s olv ent･ Figu r e 6 sho ws
e x ample s of oilc ompo sitio ns of e ach pen etrated depth･ T he X axis sho w s an
inten sity m easur ed by gas chro m atogr aphy pe r s oil w eight･ T he Y a xis show s
c arbc･n nu mber s. Surface sand c o ntain ed m or e oiltha nthe deepe r s a nd･ H ow e ver,
oilc o JTIPOSitio n at each depth w as the s a m e1 Oilc o mpo sitio ndidn ot cha nge du ring
oilpe netr atedinto s and･
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Figu re 4 Oilpenetration r e sults at the c onditio n of oil he ad 5cm
(Soils arnple deriv ed fr om the A P-1pit6 0c m in depth)
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Figure5 Oilpen etration r e s ults at the conditio n of oil he ad 10cm
(Soils ample deriv ed fr om the A P-1pit10 cm in depth)
4. D is c u s sio n aTld Co rl CllJ Sio Jl
Oilpen etration labor ato ry te sts using Ku w ait cr ude oiland the s am pled s oilw ere
Perfor medin Japa n･ As a r e s ult･ pe n etra ted depths w e r e1 5to 2 0 c m fo r 1 0 days
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a nd oilpenetr ated depths calc ulatedfro m the e ‡pe rim e ntalresults were 2 0 0to 150 0
c m fo r5 ye ars afterthe G ulf w a rended･ Oilpe netr ated depth within oillakesin the
Burga n a r e aw as abo ut150c m which w a sless tha nthe c alculated minim tLm V ahl eS.
T he minim um valu e s of c alc 11ated pe netr ated depths for 1 0 and 1 0 0year s w er e3
a nd 1 0m a ndthe se c ond aquife rat the Bu rgan ar ea w as 1 0 0m in depth･ T he se c ond
aquife r w as not tho ught to ha ve n ot be en co nta minated dire ctly by oilpenetr atio n
be c ause the c alc ulated minim u m depth w as large rthan the a ctual depth a nd the
vis cosity of oil be cam es m alle r withtim eby re a s o n of v olatiliz atio n･
In n o rther n Ku w ait, rain w ater penetr ated thro ugh oilc ontaminated s oil into the
first aquife r a nd the first aquife r wa s thus c onta minated by oilladen r ain w ater･
T her efore
,
1n the Bu rga n ar ea, the s e co nd andthird aquifer hadto be consider edto
hav e be e n c onta min ated by oilc o ntaining
oilc o ntamin ated s oiland oil lakes.
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